Objective: The value of atherogenic index of plasma (AIP) as a predictive biomarker for coronary artery disease (CAD) remains controversial. In addition, whether AIP is associated with the risk of acute coronary syndrome (ACS) in very young adults has not been well established. Methods: We consecutively collected very young adults (≤35 years of age) undergoing coronary angiography (CAG) at Anzhen Hospital, between January 2008 and December 2017. Total of 1, 478 very young participants, including 1, 059 ACS patients and 419 non-CAD subjects, were enrolled in the present study. Results: Very young patients with ACS had higher AIP level compared with non-CAD participants (0.35 ± 0.30 vs 0. 21 ± 0.33, P < 0.001). According to Gensini Score (GS) and number of lesion vessel, patients were divided into four groups, respectively. With the elevated GS score and number of lesion vessels, the AIP level increased gradually (P for trend all< 0.05). Multivariate logistic regression analyses suggested that AIP remained to be independently associated with the presence of ACS and was superior to traditional lipid profiles (for AIP, OR = 2.930, 95% CI = 1.855-4.627, P < 0.001; for total cholesterol, OR = 1.152, 95% CI = 1.048-1.266, P = 0.003; for triglyceride, OR = 1.078, 95% CI = 0.991-1.172, P = 0.079; for low-density lipoprotein cholesterol, OR = 1.046, 95% CI = 1.015-1.078, P < 0.001), after adjustment for other traditional confounders. Moreover, the prevalence of ACS, acute myocardial infarction, unstable angina pectoris and the value of GS were also elevated as AIP quartiles increased (P for trend < 0.001). Subgroup analysis based on gender revealed that AIP was only independently associated with the ACS risk in male.
Introduction
Coronary artery disease (CAD) remains the leading cause of morbidity and mortality worldwide [1] . With the development of modernization and changes in lifestyle, including increased consumption of meat and reduced physical exercise, the incidence of CAD was gradually increased in recent years in China [2] . According to 2017 annual report, there are about 11 million CAD patients in China, which has been the important public health problem [3] . Acute coronary syndrome (ACS), including acute myocardial infarction (AMI) and unstable angina pectoris (UAP) is the most severe type in CAD. The results of the China PEACE-Retrospective Acute Myocardial Infarction Study showed that, from 2001 to 2011, the national rates of hospital admission for STEMI increased greatly (from 3.5 per 100,000 people in 2001, to 15.4 per 100,000 people in 2011) [4] .
Dyslipidemia in traditional lipid profiles, including total cholesterol (TC), low-density lipoprotein cholesterol (LDL-C), triglyceride (TG) and high-density lipoprotein cholesterol (HDL-C) has been identified as the major risk factor for ACS. Many studies demonstrated that effectively decreasing LDL-C could significantly reduce the cardiovascular events. However, some patients with statin treatment remain having the elevated risk of cardiovascular events, that is residual risk [5] .
Atherogenic index of plasma (AIP), expressed as the logistical transformation of the mole ratio of TG to HDL-C, was a significant predictor of AS and better than traditional pro-atherogenic lipid profiles [6] . Epidemiological studies suggested that AIP was significantly associated with obesity, essential hypertension (EH), diabetic mellitus (DM) and other risk factors for CAD [7] [8] [9] . In recent years, AIP was identified the superior predictor of CAD and the cardiovascular events [10, 11] . In a hospital-based observational study conducted in participants undergoing CAG, AIP was the most strong lipid parameter associated with CAD, with an odds ratio of 1.660 for an increase of 1-SD, after adjusting for age, gender, smoking, EH and DM [10] . Besides, studies suggested that AIP might be a better predictor for mortality risk among an older adult population, compared with individual cholesterol risk factors [12] . In a 10-year follow-up study, AIP was positively associated with the risk of all-cause death in elderly women with EH [11] .
However, despite these associations, the value of AIP as a predictive biomarker for CAD remains controversial [13] . In addition, young patients with CAD exhibit a different risk factor profile from older ones [14] . Whether AIP is associated with the risk of ACS in very young patients has not been well established. In light of these considerations, we conducted the hospital-based observational study to investigate the relationship between AIP and the risk of ACS in very young adults (≤ 35 years age) and hypothesized its predictive value to very young ACS was superior to traditional lipid profiles.
Methods

Participants
In this single-center observational study, we consecutively collected very young participants (≤35 years of age) undergoing coronary angiography (CAG) at Anzhen Hospital, between January 2008 and December 2017.
The exclusion criteria were the following: 1) age < 18 years old; 2) participants with incomplete lipid profiles data; 3) repeated hospitalization. Participants with severe renal insufficiency, nephrotic syndrome, myocarditis, infectious endocarditis, multiple arteritis, Kawasaki disease, or having history of percutanious coronary intervention were also excluded.
According to the exclusion criteria, total of 1, 478 consecutively very young participants, including 1, 059 ACS patients and 419 non-CAD subjects, were enrolled in the present study. The flowchart outlining the study was shown in Fig. 1 .
This study was complied with the Declaration of Helsinki and approved by the Institutional Ethics Committee of Beijing Anzhen Hospital. Written informed consent was not obtained from the participants, because of the data retrospectively obtained from electronic medical records.
Biochemical parameter analysis
Fasting venous blood was drawn from all participants. Data of clinical and demographic characteristics including age, gender, height, weight, vital signs, smoking and drinking status, history of EH and DM, were collected from electronic medical records. Laboratory parameters including TC, LDL-C, HDL-C, TG, total protein (TP), pre-albumin (PALB), blood urea nitrogen (BUN), creatinine (CR), fasting blood glucose (FBG) and glycated albumin (GA) were analyzed by automated biochemical analyzer. AIP was calculated as logarithmic transformation of the ratio of TG to HDL-C [log 10 (TG/HDL-C)].
Diagnostic criteria
ACS was diagnosed according to European Society of Cardiology guidelines in 2015 [15] . CAG was performed on all participants and assessed by two experienced cardiologists. The severity of coronary lesion was evaluated by Gensini score (GS) and number of stenotic coronary arteries [16] . Based on the value of GS, patients were classified into four quartiles. Besides, the number of lesion coronary artery was calculated by counting the major coronary vessel stenosis ≥50%, which including the left main, left anterior descending, left circumflex, right coronary artery, and main branches (diameter of vessel is more than 2.0 mm). When the stenosis in left main comes to the criteria, the number of lesion vessel was defined as two-vessel, whether or not coexists left anterior descending and/or left circumflex lesions. Patients were then classified into single-vessel, two-vessel, and three-vessel disease groups. Moreover, patients with ACS were divided into AMI and UAP groups.
The diagnostic criteria of EH and DM were described in our previously study [17] . Briefly, EH was defined as repeated systolic pressure ≥ 140 mmHg and/or diastolic pressure ≥ 90 mmHg at least twice, or previously diagnosed EH. DM was defined as FGB ≥7.0 mmol/l and/or random glucose level ≥ 11.1 mmol/ l, or previously diagnosed DM. Smoker and drinker were defined as regular cigarette smoking and alcohol intake, respectively.
Statistic analysis
Statistical Package for the Social Sciences (SPSS Inc., Chicago, IL, USA) 17.0 was used for statistical analysis. Continuous variables were presented as the mean ± standard deviation (SD) and were compared using an independent samples t test or one-way analysis of variance (ANOVA) if the data were normally distributed. Otherwise, the data were presented as median and interquartile range (IQR) and were compared using Mann-Whitney U test. The normality of data was evaluated by Kolmogorov-Smirnov test. Categorical variables were expressed as frequencies and percentages and were compared using a Chi-square test. The correlations between AIP and body mass index (BMI) and other lipid profiles were explored by using Pearson analysis. Multivariate logistic regression analyses, expressed as odds ratio (OR) with 95% confidence interval (95% CI), were performed to assess the association of AIP with the risk of ACS, adjusted for age, sex smoker, EH, DM (Model 1) and plus BMI (Model 2). Trend analysis was also used to detect the change trend of variables among quartiles. A value of P < 0.05 in a two-sided test was considered statistical significantly.
Results
The baseline characteristics of involved participants Table 1 lists the baseline characteristics of involved participants. It is not surprising that the very young patients with ACS were more likely to be male (94.9% vs 83.83%, P < 0.001). The prevalence of smoker, EH, DM and lipid-lowing treatment was significantly higher in very young ACS patients than in non-CAD subjects. Moreover, ACS patients had higher levels of WBC, RBC, PLT, FBG and GA, and lower levels of TP, PALB and BUN compared with CAD coronary artery disease, ACS acute coronary syndrome, BMI body mass index, SBP systolic blood pressure, DBP diastolic blood pressure, HR heart rate, DM diabetes mellitus, EH essential hypertension, WBC white blood cell, RBC red blood cell, HGB hemoglobin, PLT platelet, TP total protein, PALB pre-albumin, BUN blood urea nitrogen, CR creatinine, FBG fasting blood glucose, GA glycated albumin, TC total cholesterol, TG triglyceride, HDL-C high-density lipoprotein cholesterol, LDL-C low-density lipoprotein cholesterol, AIP atherogenic index of plasma, CAG coronary angiography, GS Gensini score Bold values indicate statistical significance non-CAD subjects. Whereas, there were no difference in age, vital signs, the prevalence of drinker and past history of dyslipideamia between two groups. As expected, the concentrations of TC, TG and LDL-C were higher in ACS group than in non-CAD group. On the contrary, HLD-C level was significantly lower in ACS patients than that in non-CAD subjects.
Correlation analysis of AIP with other variables
As shown in Additional file 1: Table S1 , in whole population, AIP was significantly positively associated with age, BMI, GA, PALB, TC, TG, LDL-C, and negatively associated with HDL-C (P all < 0.05).
Relation of AIP level and the presence and severity of ACS
As shown in Table 1 , AIP value was significantly higher in very young ACS group than in non-CAD group (0.21 ± 0.33 vs 0.35 ± 0.30, P < 0.001). According to quartiles of GS, patients were divided into four groups (quartile 1: ≤12; quartile 2: 12-32; quartile 3: 32-64; quartile 4: > 64). Additional file 1: Table S2 lists the clinical characteristics of ACS patients according to GS quartiles. We found that there was a significantly elevated trend of AIP as GS increased (P for trend = 0.01). Furthermore, the correlation of AIP and number of lesion vessel was investigated. In 104 ACS patients, none of the stenosis of lesion vessels in each patient comes to 50%. So, patients were classified into one-vessel (n = 519), two-vessel (n = 244) and three-vessel (n = 192) groups. Similarly, an elevated trend of AIP was observed as the increase of number of lesion vessels (P for trend < 0.001) (Additional file 1: Table S3 ). In order to assess the association of AIP with the presence and severity of ACS in very young patients, participants were further divided into four groups based on AIP quartiles (quartile 1: < 0.117; quartile 2: 0.117-0.312; quartile 3: 0.312-0.505; quartile 4: > 0.505). As shown in Table 2 , the prevalence of male, EH, DM and the value of BMI, TC, TG and LDL-C were increased with the elevated AIP quartiles (P for trend < 0.001). However, HDL-C level gradually decreased (P for trend < 0.001). It is not surprising that the prevalence of ACS, AMI, UAP and the value of GS were also elevated as AIP quartiles increased (P for trend < 0.001).
Univariate and Multivariate logistic regression analyses were also used to explore the association of AIP with ACS risk (Tables 3 and 4) . After adjustment for traditional confounders, we found that AIP remained to be independently associated with the presence of ACS (for ACS, OR = 2.390, 95% CI = 1.855-4.627, P < 0.001; for AMI, OR = 3.872, 95% CI = 2.280-6.576, P < 0.001; for UAP, OR = 2.151, 95% CI = 1.303-3.549, P (Fig. 2) . Subgroup analysis stratified by gender was also carried out. Interestingly, the independent association of AIP with ACS risk only existed in male subgroup (Table 4) . Additionally, sensitive analysis was performed by calculating the results again when omitting participants prior receiving lipid-lowing drugs. As expected, the results were not obviously changed (data not shown).
Discussion
To our knowledge, the present study firstly evaluated the relationship between AIP and ACS risk in very young adults (≤35 years old) in a large scale. We found that AIP was independently associated with the presence and severity of ACS in very young patients in a gender-dependent manner, which was superior to traditional lipid profiles.
In past decade, the incidence of young CAD increased greatly [18] . Numerous studies have shown significant differences in the risk factors, clinical presentation and angiographic profile between young and older patients with ACS [19] . In the present study, total of 1, 478 participants were enrolled, including 419 non-CAD subjects and 1, 059 ACS patients. In our study, males were more likely to be with ACS. The prevalence of smoker, DM and EH were also significantly higher in very young ACS patients compared with non-CAD subjects.
As a surrogate of the small low-density lipoprotein particle size and needing no extra cost [20] , AIP was proposed to be an economic and reliable indicator for CAD clinically. Epidemiological studies showed that the mean AIP level was varied in different populations. According to the report of Northeast China Rural Cardiovascular Health Study, the prevalence of high AIP (> 0.21) was 23.1% in middle-aged subjects in the rural areas of northeast China [21] . However, the AIP level was 0.46 in Turkey population [22] and − 0.1 in staff of an university in Malaysia [9] . Besides the ethnicity and region, diets and physical activity could lead to the difference in AIP in different studies [23] [24] [25] . The median level of AIP in whole population was 0.312 in our study, which was higher than that in South China and lower than Turkey population. This discrepancy might be partly interpreted by difference in age, region and ethnicity.
Evidence from epidemiological and clinical analyses showed an independent association between AIP and risk factors for cardiovascular disease. In 2018, Shen SW et al [26] suggested that AIP was linearly correlated with waist circumference and was used as a reference to estimate abdominal obesity. Besides, AIP was independently associated with CAD risk in male and multi-vessel lesson patients after adjustment for risk confounders [27] .
Despite promising evidence on AIP as a novel biomarker of CAD, current data were inadequate for its use clinically. Additionally, despite very young ACS accounting for a growing proportion of sudden death in young people and the terrible influence on society and family, there were limited studies investigating the effect of AIP on the risk of ACS in very young patients. Thus, we conducted this large-scale observational study to evaluate the association of AIP with ACS risk in very young participants. Our results suggested that the very young patients with ACS had higher AIP level than non-CAD participants (0.35 ± 0.30 vs 0.21 ± 0.33, P < 0.001). Further, we evaluated the association of AIP with the severity of ACS in very young patients. In ACS patients, the AIP gradually increased with the elevated GS score and number of lesion vessels (P for trend all< 0.05). Multivariate logistic regression analyses suggested that AIP remained to be independently associated with the presence of ACS and was superior to traditional lipid profiles after adjustment for traditional confounders. In very young adults, AIP level might be a better predictor for ACS, and management and control of AIP level might be an important effect to reduce the ACS risk. Previous studies suggested that there was a gender dependent difference in AIP and CAD [27] . In a cross-sectional study conducted among 108 Cameroonian postmenopausal women in Cameroon, AIP was found that might not be an independent factor impacting the risk of CVD after adjusting for confounders [28] . However, study conducted in China showed that AIP was a novel and independent predictive indicator for CAD in Chinese postmenopausal women [29] . In the subgroup analysis stratified by gender, we found that AIP was only independently associated with ACS risk in male, which was inconsistent with Wu TT et al [29] . However, we must realize that only 105 (7.1%) participants enrolled in the study were female, which might influence the statistic effect. We should interpret it cautiously.
Limitations
Some limitations of this study should be considered when we interpreted the results. Firstly, the major limitation was the design of this study. The present study was a hospital-based observational study. Although the sample size was large, we could not obtain the cause-result effect, which should be verified by further cohort study. Secondly, we could not ensure the medical history data of every enrolled participant was accurate, also due to the retrospective design. However, the large-scale sample size might reduce the statistic error. Thirdly, 236 (15.97%) very young participants receiving lipid-lowing treatment before enrolled in our study, which might affect the results. So, we carried out the sensitivity analysis by calculating the results again when omitting these participants and the results were not changed significantly, which suggested the results of the present study were robust and credible. 
